Introduction {#sec1-0300060519894439}
============

Direct oral anticoagulants (DOACs) are effective alternatives to anticoagulation with vitamin K antagonists (e.g., warfarin) for the prevention and treatment of thromboembolic disorders. In addition, DOACs have been demonstrated to be superior and non-inferior to warfarin for both stroke prevention and bleeding risk.^[@bibr1-0300060519894439][@bibr2-0300060519894439][@bibr3-0300060519894439]--[@bibr4-0300060519894439]^ DOACs are increasingly used worldwide for treatment and prevention of venous thromboembolisms (VTEs) and for prevention of stroke in patients with non-valvular atrial fibrillation (NVAF). Currently, many scientific societies recommend DOACs instead of warfarin as anticoagulants in patients with atrial fibrillation.^[@bibr5-0300060519894439],[@bibr6-0300060519894439]^

The DOACs consist of the direct thrombin inhibitor dabigatran and the direct factor Xa inhibitors apixaban, rivaroxaban, edoxaban and betrixaban. DOACs are prescribed as fixed-dose management either once or twice daily, with dosages determined by creatinine clearance, body weight, age and use of concomitant drugs.^[@bibr7-0300060519894439][@bibr8-0300060519894439]--[@bibr9-0300060519894439]^ This is possible because of the predictable pharmacodynamics and pharmacokinetic properties of DOACs compared with warfarin. A key benefit of DOACs is that they do not require routine laboratory monitoring, and although they are non-inferior in terms of bleeding risk compared with vitamin K antagonists, a risk of internal bleeding still exists.^[@bibr10-0300060519894439]^ No studies have investigated whether quantitative or qualitative measurement of DOACs is associated with increased bleeding risk. The international normalized ratio (INR) is highly related to thrombotic and bleeding episodes in patients treated with warfarin, despite a large variation of values.^[@bibr11-0300060519894439]^

Treatment with apixaban and rivaroxaban have recently been described to cause a significant elevation of the INR (rivaroxaban more so than apixaban).^[@bibr12-0300060519894439]^ In this real-world retrospective study, we explored if this elevation of INR might have any clinical impact in patients treated with DOACs according to the current guidelines.

Material and methods {#sec2-0300060519894439}
====================

Study design and population {#sec3-0300060519894439}
---------------------------

A retrospective cohort study was conducted at an outpatient thrombocardiology clinic. The 235 subjects were enrolled from the department of coagulation from 1 June 2013 to 31 December 2016.

Medical records were thoroughly inspected by one resident and reviewed by two senior cardiologists. The subjects were divided according to the specific drug they were treated with. The INR, hemoglobin level and any documentation of minor or major bleeding events were recorded. The assay used for INR measurement in all patients was the Owren type PT procedure and the results were converted to an INR (O-INR) level. INR measurements were all performed at a single laboratory.

Inclusion criteria {#sec4-0300060519894439}
------------------

Treatment was with one of the three DOACs apixaban, rivaroxaban or dabigatran, all of which were licensed in Denmark during the study period. The subjects were patients with NFAF or VTE treated with DOACs in our outpatient clinic according to current guidelines. All patients had normal liver parameters and the DOAC doses were adjusted according to renal parameters.

Exclusion criteria {#sec5-0300060519894439}
------------------

Severe non-compliance or availability of less than two INR samples during follow-up.

Ethical considerations {#sec6-0300060519894439}
----------------------

Approval to store patient data was granted by the Danish Data Protection Agency.

Informed consent {#sec7-0300060519894439}
----------------

Informed consent was not needed due to the retrospective study design.

Outcomes {#sec8-0300060519894439}
--------

The primary outcomes were INR levels and bleeding events. We hypothesized from our pilot study that a cut-off INR of ≥ 1.5 could predict bleeding events in patients treated with DOACs according to current guidelines, independent of the indication. Bleeding events were categorized as minor and major according to the International Society of Thrombosis and Haemostasis criteria for non-surgical patients.^[@bibr13-0300060519894439]^ Anemia that could be attributed to other conditions was not regarded as a bleeding complication.

Statistical analyses {#sec9-0300060519894439}
--------------------

Data were analyzed using standard software. We evaluated associations between variables with the χ^2^ test. Values of p \< 0.05 were considered statistically significant. The relative risk (RR) was used to compare the risk of bleeding in patients with high and low INR.

Results {#sec10-0300060519894439}
=======

The medical records of 235 patients were thoroughly inspected. We observed minor or major bleeding episodes in 73 patients (31.1%). No bleeding episodes occurred in the remaining 162 patients (68.9%) ([Figure 1](#fig1-0300060519894439){ref-type="fig"}).

![Distribution of bleeding and INR in the study population.](10.1177_0300060519894439-fig1){#fig1-0300060519894439}

Fifty-one (69.9%) of the 73 patients experiencing bleeding had an INR ≥ 1.5, whereas only 22 patients (30.1%) patients with bleeding had INRs \< 1.5 ([Figure 1](#fig1-0300060519894439){ref-type="fig"}). Using a cut-off value of INR ≥ 1.5, we found that INR was significantly associated with increased risk of minor or major bleeding episodes in patients treated with direct Xa inhibitors. This association was not observed for patients treated with dabigatran ([Figure 2](#fig2-0300060519894439){ref-type="fig"}).

![Bleeding events in patients with INR ≥1.5.\
Bleeding: Bleeding +; No bleeding: Bleeding −; \*p = 0.001 for association between INR ≥ 1.5 and bleeding during treatment with specific drug; ns: non-significant.](10.1177_0300060519894439-fig2){#fig2-0300060519894439}

Of the 162 patients, 141 (68.9%) who did not experience bleeding had an INR \< 1.5 (87.0%), and only 21 patients (13.0%) had an INR ≥ 1.5 ([Figure 1](#fig1-0300060519894439){ref-type="fig"}). [Table 1](#table1-0300060519894439){ref-type="table"} shows the data for the study population categorized according to drug treatment. The association between INR ≥ 1.5 and bleeding was more apparent in patients treated with rivaroxaban than other drugs (p = 0.02). By contrast, in patients with INRs \< 1.5 who did not experience bleeding the association was slightly stronger for apixaban, although this difference was not statistically significant ([Table 1](#table1-0300060519894439){ref-type="table"}).

###### 

Association between INR and bleeding in patients treated with different drugs.

![](10.1177_0300060519894439-table1)

                                 Apixaban   Rivaroxaban   Dabigatran   All drugs                            
  --------------------------- -- ---------- ------------- ------------ ----------- ------ ---- ------ ----- --
  INR ≥ 1.5                                                                                                 
   Bleeding +                    17.7       18            30.9\*       21          18.5   12   21.7   51    
   Bleeding −                    3.9        4             8.8          6           16.9   11   8.9    21    
  INR \< 1.5                                                                                                
   Bleeding +                    10.8       11            8.8          6           7.7    5    9.4    22    
   Bleeding −                    67.6       69            51.5         35          56.9   37   60.0   141   
  Total                          100        102           100          68          100    65   100    235   
  Positive predictive value      81.8                     77.8                     52.2        70.8         
  Negative predictive value      86.3                     85.4                     88.1        86.5         
                                 RR                                                                         
  RR of bleeding INR ≥ 1.5       5.1                                                                        
  RR of bleeding INR \< 1.5      0.2                                                                        

Bleeding: Bleeding +; No bleeding: Bleeding −.

RR: Relative Risk; \*p = 0.02 rivaroxaban association versus association for all drugs.

The positive predictive (PPV) and negative predictive values (NPV) using a cut-off INR ≥ 1.5 were 81.8% and 86.3% for apixaban, respectively; 52.2% and 88.1% for dabigatran, respectively; and 77.8% and 85.4% for rivaroxaban, respectively.

The RR of bleeding in patients treated with all drugs with INRs ≥ 1.5 was 5.1 and the RR for bleeding in patients with INRs \< 1.5 was 0.20.

Using the cut-off of INR ≥ 1.5 appears to be of clinical importance. [Table 2](#table2-0300060519894439){ref-type="table"} shows the correlation between INR and bleeding categorized by the magnitude of INR for different drugs.

###### 

Association between INR and bleeding events according to magnitude of INR.

![](10.1177_0300060519894439-table2)

  Drug                 INR≥1.5                                                                   INR\<1.5
  -------------------- ------------------------------------------------------------------------- -------------------------------------------------------------------------
  All drugs                                                                                      
   Bleeding + % (CI)   70.8 (69.5--71.0)[\*](#table-fn4-0300060519894439){ref-type="table-fn"}   13.5
   Bleeding − % (CI)   29.2                                                                      86.5 (85.6--87.4)[\*](#table-fn4-0300060519894439){ref-type="table-fn"}
  Apixaban                                                                                       
   Bleeding + % (CI)   81.8 (78.0-85.6)[\*](#table-fn4-0300060519894439){ref-type="table-fn"}    13.8
   Bleeding − % (CI)   18.2                                                                      86.2 (84.3--88.2)[\*](#table-fn4-0300060519894439){ref-type="table-fn"}
  Rivaroxaban                                                                                    
   Bleeding + % (CI)   77.8 (74.1--81.4)[\*](#table-fn4-0300060519894439){ref-type="table-fn"}   14.6
   Bleeding − % (CI)   22.2                                                                      85.4 (82.4--88.3)[\*](#table-fn4-0300060519894439){ref-type="table-fn"}
  Dabigatran                                                                                     
   Bleeding + % (CI)   52.2 (47.5--56.9)\*\*                                                     11.9
   Bleeding − % (CI)   47.8                                                                      88.1 (84.8--91.6)[\*](#table-fn4-0300060519894439){ref-type="table-fn"}

Bleeding: Bleeding +; No bleeding: Bleeding −.

\*p\<0.001: INR↑ and bleeding +; \*\*p = ns: INRn and bleeding−.

INR↑ = INR≥1.5; INRn = INR\<1.5; CI: 95% confidence interval.

We found that bleeding events during apixaban treatment occurred in 81.8% of patients with INRs ≥ 1.5, whereas bleeding episodes were only observed in 13.8% of patients with INRs \< 1.5. The same pattern was observed in patients treated with rivaroxaban: 77.8% of patients with INRs ≥ 1.5 experienced bleeding events, while only 14.6% of patients with INRs \< 1.5 did. However, we found no correlation between INR ≥ 1.5 and bleeding events in patients treated with dabigatran ([Table 2](#table2-0300060519894439){ref-type="table"}).

Irrespectively of the drug used, INR \< 1.5 was found to have a strong negative predictive value for the absence of bleeding events during treatment. We observed no bleeding episodes in 86.2% of patients treated with apixaban whose INRs were \< 1.5. Only 13.8% of apixaban-treated patients with INRs \< 1.5 experienced bleeding. Similar trends were observed for treatment with rivaroxaban (no bleeding: 85.4% versus bleeding: 14.6%) and dabigatran (no bleeding: 88.1% versus bleeding: 11.9%) ([Table 2](#table2-0300060519894439){ref-type="table"}).

[Figure 2](#fig2-0300060519894439){ref-type="fig"} illustrates the significantly increased risk of bleeding episodes in patients with INRs ≥ 1.5 during treatment with apixaban and rivaroxaban. No association with INR was identified in patients treated with dabigatran treatment.

[Figure 3](#fig3-0300060519894439){ref-type="fig"} shows that almost no bleeding episodes occurred in individuals with INRs \< 1.5 irrespective of the drug used.

![Bleeding events in patients with INR\<1.5.\
Bleeding: Bleeding +; No bleeding: Bleeding −; \*p = 0.001 for association between INR\<1.5 and no bleeding during treatment with specific drug.](10.1177_0300060519894439-fig3){#fig3-0300060519894439}

Discussion {#sec11-0300060519894439}
==========

In patients treated with warfarin, associations between INR and thrombotic and bleeding events are well established despite large variation in INR values. The relation of INR to clinical events during DOAC treatment has not been investigated, as patients are fully anticoagulated on a fixed dose regime. However, a clinical case report described a potential association between INR and apixiban.^[@bibr14-0300060519894439]^

Our study is the first to clarify the clinical significance of slightly elevated INRs during DOAC treatment. To simplify the prediction of future bleeding episodes, we did not stratify patients according to clinical indications (NVAF and VTE), instead hypothesizing that a useful predictor of bleeding episodes during DOAC treatment would only be affected by the drug used, and not by the indication. Furthermore, DOAC dosing is adjusted according to age, drug interactions and renal parameters.

Whether subgroup analyses of patients according to indications, dosage, age, drug interactions and renal parameters would affect our results was not possible to clarify in this study. Such questions will need to be addressed in our future prospective studies.

We found that an INR ≥ 1.5 was significantly associated with an increased risk of bleeding events during treatment with direct factor Xa inhibitors and that such associations were slightly stronger for rivaroxaban than apixaban. No such association was identified in patients treated with dabigatran.

This observation was supported by the finding that an INR ≤1.5 was a strong negative predictor of bleeding risk in patients treated with DOACs independent of indication (NVAF and VTE). In patients treated with dabigatran, previously studies demonstrated a correlation between diluted thrombin time or activated partial thromboplastin time and plasma concentrations of anti-Xa, and that these biomarkers were more sensitive than INR.^[@bibr15-0300060519894439]^ Patients treated with factor Xa inhibitors showed a significant correlation between INR and plasma concentration of anti-Xa.^[@bibr14-0300060519894439][@bibr15-0300060519894439]--[@bibr16-0300060519894439]^ However, none of these studies correlated the clinical outcome (bleeding) to these biomarkers as we did in this study. In agreement with previous data, we found that the correlation between INR and bleeding in patients treated with dabigatran was not significant.

Rivaroxaban and apixaban bind directly to factor Xa and inhibit both free and clot-bound factor Xa as well as prothrombinase activity, resulting in a very effective decrease in thrombin formation. However, it is possible that not all factor Xa inhibitors influence prothrombinase activity to the same extent, and this might explain our observation that the association between INR ≤1.5 and bleeding episodes was a little stronger for rivaroxaban than apixaban. These observations are supported by a newly published study,^[@bibr12-0300060519894439]^ which observed that DOACs elevated INR significantly (rivaroxaban more so than apixaban), and that no other factors other than the drugs themselves affected INR. We observed almost no bleeding episodes in patients with INRs ≤1.5, indicating that an INR \< 1.5 was a strong negative predictor for bleeding and an indicator of the safety of DOACs.

Our observations are corroborated by pharmacodynamic studies. The therapeutic maximum plasma concentration (Cmax) of rivaroxaban is in the range pf 173 to 274 µg L^−1^. Plasma rivaroxaban levels of 200 µg L^−1^, 400 µg L^−1^, and 600 µg L^−1^ were associated with mean INRs of 1.28, 1.55 and 1.85, respectively. Similarly, a plasma rivaroxaban level of 305 µg L^−1^ was associated with a mean INR \< 1.4.

At therapeutic concentrations of rivaroxaban (173--274 µg L^−1^), INR rarely exceeds 1.5 and may even be in the reference range (≤1.2). In the case of supratherapeutic plasma levels, INR may increase to ≥ 1.5 if the plasma concentration of rivaroxaban exceeds 400 µg L^−1^. Indeed, in our study we observed no significant association between an INR of 1.3 to 1.4 and bleeding events. We found that a cut-off value of INR ≥ 1.5 was significantly associated with increased risk of bleeding events.^[@bibr17-0300060519894439],[@bibr18-0300060519894439]^ This might explain why we observed a correlation between bleeding episodes and INR ≥ 1.5.

The value of INR as a prognostic test in clinical practice will depend on the NPV and PPV of the threshold INR level. We reported a NPV of 86.5% and a PPV of 70.8% for the pooled data for all drugs using a cut-off of INR ≥ 1.5 ([Table 1](#table1-0300060519894439){ref-type="table"}). Applying the incidence of bleeding events reported in large clinical studies (14.5%--14.9%),^[@bibr19-0300060519894439]^ the NPV and PPV would be 98% and 44%, respectively. It seems plausible that the PPV would be higher with longer follow-up, as the bleeding event did not occur until later during follow-up for most patients.

According to the pharmacodynamic studies, the INR assay may be used to detect supratherapeutic concentrations of DOACs. Because Cmax is reached within 1 to 4 hours after administration, the INR must be performed at or close to Cmax, otherwise INR levels may not reach ≥ 1.5.

Of 73 patients with bleeding episodes, 22 experienced bleeding despite their INRs of \< 1.5. Elevated INR is one of several causes of bleeding during DOAC treatment. Other causes (i.e., vulnerable blood vessels in diverticular disease, tumors and gingivitis) may be unrelated to the level of INR.

Our study demonstrated a higher frequency of bleeding events than other studies. This might be explained by the inclusion of minor bleeding episodes, whereas other studies only included major bleeding episodes.

In this study, the time of administration of DOACs was unknown. Therefore, we may not have captured the Cmax, which might influence our results to a minor degree. All INRs were measured between 8 am and 12 pm.

Our study does not answer when an increase in INR will appear after starting DOAC treatment. We therefore suggest frequent control of INR during the first year, at least until prospective studies have clarified the clinical impact.

The present study had some limitations. The design was retrospective and levels of anti-IIa (for dabigatran) and specific anti-Xa activity (for rivaroxaban and apixaban) are not routinely used in Denmark and thereby were not available in this study.

The study also had several strengths. It was a real-life observation study. All patients were seen by doctors specialized in cardiology. Medical records were scrutinized for potential alternative causes of bleeding events, including thrombocytopenia, heart insufficiency, hematological disease, chronic renal insufficiency, trauma and cancer. Furthermore, we included minor bleeding episodes, which theoretically might be the first signs of upcoming major bleeding episodes.

Conclusions {#sec12-0300060519894439}
===========

We reported a statistically significant correlation between a cut-off INR ≥ 1.5 and increased risk of bleeding events in patients treated with direct factor Xa inhibitors. Furthermore, we found that an INR \< 1.5 was a strong negative predicative test for the safety of DOACs.

There is no clearly established therapeutic range for any given DOAC. Routine assessment of the intensity of the anticoagulation of DOACs is not recommended. Because the INR assay is a widely accessible low-cost assay, it is highly valuable in clinical practice to measure the INR level in patients treated with DOACs frequently during the first year to reduce morbidity and mortality until more appropriate coagulation assays are appropriate.

To predict supratherapeutic concentrations, we propose confirmation using the Xa test in patients with an INR ≥ 1.5, at least until prospective studies of INR and bleeding episodes have been conducted, and results from our prospective study are available.
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